Teratogen-induced activation of the mitochondrial apoptotic pathway in the yolk sac of day 9 mouse embryos.
Using vital dyes, we have previously shown that while hyperthermia (HS), 4-hydroperoxycyclophosphamide (4CP), and staurosporine (ST) induce cell death within specific tissues (e.g., neuroepithelium) of day 9 mouse embryos, cells of the heart are resistant to the cell death-inducing potential of these teratogens. Subsequent work has shown that teratogen-induced cell death is associated with activation of the mitochondrial apoptotic pathway, i.e., release of cytochrome c from mitochondria, activation/cleavage of procaspase-9, -3, and -2, inactivation of poly(ADP-ribose) polymerase, and internucleosomal fragmentation of DNA, whereas resistance to teratogen-induced cell death in the heart is associated with a failure to activate this pathway. Teratogen-induced activation of the mitochondrial apoptotic pathway is initiated between 2.5 and 5 hr after teratogens are added to the culture medium. Because both the heart and the surrounding yolk sac are essential to successful development of mouse embryos during early postimplantation mouse development, we hypothesized that cells of the yolk sac are also resistant to teratogen-induced cell death. To test our hypothesis, we cultured day 8.5 mouse conceptuses (embryo plus yolk sac) in whole embryo culture. On the morning of day 9, conceptuses were exposed to HS (43 degrees C for 15 min and then returned to 37 degrees C), 4CP (40 microM, 5-10 hr), or ST (0.5 microM 5-10 hr). At 5 and 10 hr after addition of teratogen, conceptuses were removed from culture and dissected into embryo and yolk sac. Activation of the mitochondrial apoptotic pathway was then assessed separately in embryos and yolk sacs using Western blot analysis to detect activation of procaspase-9, -3, and -2, enzyme assays to measure caspase-3-like activity, and immunohistochemistry to detect caspase-3 activation/cleavage in yolk sac cells. Although Western blot analysis revealed that procaspase-9, -3, and -2 were activated/cleaved in the embryo as early as the 5-hr time point, activation/cleavage of these caspases could not be detected in the yolk sac at either the 5- or 10-hr time point. Using an enzyme assay, we determined that caspase-3-like activity in the yolk sac was induced 1.7-fold by HS, 4.4-fold by 4CP, and 3.3-fold by ST. This compares to the embryo in which caspase-3-like activity was induced 45-fold by HS, 26-fold by 4CP, and 45-fold by ST. Using an antibody specific for the active p17 subunit of caspase-3 and immunohistochemistry, we were able to detect a small number of yolk sac cells showing caspase-3 activation. Thus, the low-level induction of caspase-3-like activity in the yolk sac is in part related to activation/cleavage of procaspase-3. Results presented indicate that cells of the extraembryonic yolk sac, like cells of the embryonic heart, are substantially more resistant to teratogen-induced activation of the mitochondrial apoptotic pathway and subsequent apoptosis compared to other embryonic tissues, particularly cells of the neuroepithelium.